Effect of millimeter waves on cyclophosphamide induced suppression of T cell functions.
The effects of low power electromagnetic millimeter waves (MWs) on T cell activation, proliferation, and effector functions were studied in BALB/c mice. These functions are important in T-lymphocyte mediated immune responses. The MW exposure characteristics were: frequency = 42.2 GHz; peak incident power density = 31 +/- 5 mW/cm(2), peak specific absorption rate (SAR) at the skin surface = 622 +/- 100 W/kg; duration 30 min daily for 3 days. MW treatment was applied to the nasal area. The mice were additionally treated with cyclophosphamide (CPA), 100 mg/kg, a commonly used immunosuppressant and anticancer drug. Four groups of animals were used in each experiment: naive control (Naive), CPA treated (CPA), CPA treated and sham exposed (CPA + Sham), and CPA treated and MW exposed (CPA + MW). MW irradiation of CPA treated mice significantly augmented the proliferation recovery process of T cells (splenocytes). A statistically significant difference (P <.05) between CPA and CPA + MW groups was observed when cells were stimulated with an antigen. On the other hand, no statistically significant difference between CPA and CPA-Sham groups was observed. Based on flow cytometry of CD4(+) and CD8(+) T cells, two major classes of T cells, we show that CD4(+) T cells play an important role in the proliferation recovery process. MW exposure restored the CD25 surface activation marker expression in CD4(+) T cells. We next examined the effector function of purified CD4(+) T cells by measuring their cytokine profile. No changes were observed after MW irradiation in interleukin-10 (IL-10) level, a Th2 type cytokine, while the level of interferon-gamma (IFN-gamma), a Th1 type cytokine was increased twofold. Our results indicate that MWs enhance the effector function of CD4(+) T cells preferentially, through initiating a Th1 type of immune response. This was further supported by our observation of a significant enhancement of tumor necrosis factor-alpha (TNF-alpha) production by peritoneal macrophage's in CPA treated mice. The present study shows MWs ameliorate the immunosuppressive effects of CPA by augmenting the proliferation of splenocytes, and altering the activation and effector functions of CD4(+) T cells.